A sedentary lifestyle is a contributing factor to chronic diseases, and it is often correlated with obesity. To promote an increase in physical activity, we created a social computer game, Fish'n'Steps, which links a player's daily foot step count to the growth and activity of an animated virtual character, a fish in a fish tank. As further encouragement, some of the players' fish tanks included other players' fish, thereby creating an environment of both cooperation and competition. In a fourteen-week study with nineteen participants, the game served as a catalyst for promoting exercise and for improving game players' attitudes towards physical activity. Furthermore, although most player's enthusiasm in the game decreased after the game's first two weeks, analyzing the results using Prochaska's Transtheoretical Model of Behavioral Change suggests that individuals had, by that time, established new routines that led to healthier patterns of physical activity in their daily lives. Lessons learned from this study underscore the value of such games to encourage rather than provide negative reinforcement, especially when individuals are not meeting their own expectations, to foster long-term behavioral change.
Introduction
In recent decades, obesity has become a problem on the scale of a world-wide epidemic. The 1999 National Health and Nutrition survey (NHANES) estimated that 61% of US adults are either overweight or obese. These people suffer from both deleterious health consequences and the corresponding psychological stigma [1] . Epidemiologic studies have identified several environmental factors that contribute to this continual gain of weight over recent decades. Lifestyles have become increasingly sedentary (e.g. less physical activity, commonly combined with more time spent watching television) and energy-dense foods (high-fat, concentrated-sugar, low-fiber) have become the common components of individuals' diets [2] .
The most effective approaches to treating people for being overweight or obese are similar to those for other chronic diseases. They begin with lifestyle improvements, and continue to more invasive treatments such as pharmaceuticals and even surgery.
Lifestyle improvements to control weight include exercise, diets that restrict calories, fat or carbohydrates, or a combination of both exercise and diets. Unfortunately, there is limited evidence of successful weight management through lifestyle alterations. "Studies paint a grim picture: those who complete weight-loss programs lose approximately 10% of their body weight, only to regain two-thirds of it back within a year and almost all of it back within 5 years" [3] . One of the main reasons for such a high relapse rate is that individuals have difficulty maintaining the necessary lifestyle improvements.
Many factors contribute to the challenges of maintaining lifestyle improvements. Some are economic, such as the availability and cost of healthy foods or the cost of joining a health club and the time required to regularly exercise. Others are psychological, for example depression and a lack of motivation to follow a healthy lifestyle every day when the improvements are only slowly noticeable. Even others are social, including the desire to fit in with one's existing social circles who engage in their own unhealthy behaviors [1] [4] . However, the desired changes can be achieved without a significant disruption of one's current lifestyle. For example, studies have demonstrated that individuals who walked at least 10,000 steps a day were more likely to maintain their desired weight [5] and [24] .
Individual behavior change has been a subject of active investigation in the areas of cognitive and clinical psychology. One of the most widely accepted theoretical models is the Transtheoretical Model (TTM), introduced by James Prochaska [6] . TTM argues that individuals change their behavior gradually, by advancing along a series of steps. These steps vary from pre-contemplation in which individuals have not realized the need for change, to termination in which the new behavior has become so habitual that there is no longer any danger of relapse. TTM has been successfully used to design interventions for such undesirable behaviors as alcoholism, smoking and domestic violence [6] [7] [8] and to motivate increase in exercise and other types of physical activity [9] [10] [11] . However, traditional techniques inspired by TTM rely on significant clinical resources for the individuals who seek the change. There is a need to develop more innovative and cost-effective intervention programs that supplement or replace meetings with a therapist [11] .
In the recent years a number of innovative programs introduced novel technologies to reduce the cost of continuous involvement of clinical personnel. Many of these techniques transform physical exercise into engaging individual or social games that often mix real and virtual environments [12] [13] [14] . In an alternative approach, pedometers, small electronic devices that monitor individual step counts have been used as a ubiquitous and unobtrusive motivational technique available anytime and anywhere [5] [15] [16] .
In this paper we describe Fish'n'Steps, an application that combines ubiquity and simplicity of pedometers with the engagement of social computing games (Fig. 1) . Individuals enrolled in the game were provided with pedometers to measure their daily step count. The number of steps taken each day was then mapped to the growth and emotional state of a virtual pet that was "given" to each individual: a fish in a fish-tank. Additional incentives were designed to incorporate social dynamics, such as competition between teams of players.
Fig. 1. One participant's display after approximately two weeks into the trial in the Fish'n'
Steps team-condition, also the public kiosk and pedometer platform, which rotated through each of the team fish-tanks. The components of the personal display include: 1) Fish Tank -The fish tank contains the virtual pets belong to the participant and his/her team members, 2) Virtual Pet -The participant's own fish in a frontal view on the right side next to the fish tank, 3) Calculations and feedback -improvement, burned calories, progress bar, personal and team ranking, etc., 4) Chat window for communicating with team members.
To evaluate the effect of Fish'n'Steps, we recruited 19 participants from the staff of Siemens Corporate Research to participate in a 14-week study. Two experimental conditions were designed to separately assess the impact of the virtual pet and the social influences. Application of the TTM to assess behavior that changed during the study demonstrated that Fish'n'Steps was a catalyst of a positive change for 14 out of 19 participants. This effect was evident in either an increase in their daily step count (for 4 participants), a change in their attitudes towards physical activity (for 3 participants) or a combination of the two (for 7 participants). The greatest change in daily number of steps was by the participants who were at the TTM's intermediate levels of the behavior change. For these participants the game provided just enough motivation to translate mental readiness into action.
While the overall findings were encouraging, there are a number of possibilities for future investigations. For example, selecting participants from our own research organization limited representativeness of the sample to highly educated individuals relatively open to adopting new technologies. In addition, the game highlighted the importance of careful selection of incentives: unachievable or not challenging goals can fail to inspire the desired change.
Interventions for Behavior Change
There are a variety of techniques developed over the years to motivate behavior change. Traditional techniques are usually delivered by a trained specialist in either individual or group settings. Examples of these techniques include goal-setting, selfassessment, or monitoring of achieved progress [17] . Two particular approaches that influenced the current project include motivating behavior change by cultivating a strong internal locus of control through care of pets or plants [18] [19] and incorporating social influences through family participation [20] . For example, in a classical study of elderly people living in an assistive care facility, such simple interventions as an opportunity to choose and then care for a plant led to a significant increase in the sense of control over one's life and improvement in health [18] . At the same time, engaging family members in a cooperative weight monitoring effort has been shown to lead to more enduring effects than those achieved through an individual's own motivation [20] . New techniques developed in the recent years complement and at times replace the traditional physician involvement by introducing advanced computing technologies. These computerized interventions have a number of advantages. In addition to being cost-efficient, they can be delivered anytime and anywhere, or "just in time" for a decision -when they can have the highest potential impact. In studies conducted in public places, motivational messages delivered at the time of decision making inspired individuals to take simple steps to improving their health, such as choosing a staircase over the escalator [21] . At the same time, sensor technologies can be used to make these messages highly personalized. For example, artistic sculptures resembling human figures were used to enhance individuals' awareness of their posture [22] . Often, these techniques incorporate the emotional aspects, or persuasive computing techniques [23] . For example, an attachment to virtual creatures, such as Tamagotchi, inspired technological health interventions for children with chronic diseases [19] . In these games, strong and attractive animated characters have the same diseases as children who play the game, for example asthma or diabetes, thus providing positive role-models and reducing the stigma associated with the child's disease.
There are a number of applications that motivate increase in physical activity in a fun way through engaging individuals in games that mix real and computing worlds. These games became known as Serious Games or Exergames. For example, "Tagaboo", a collaborative children's game, focuses on developing coordination through playful interaction [24] . Exercise Bicycles enriches the experience of an indoor exercise bicycle in engaging users in a Virtual Environment single-player game [13] .Yet another, and perhaps the most researched Serious Game, Dance Dance Revolution connects a sensor-enabled dance floor with a video interface and provides stimulating exercise as a social activity -dance competition [12] .
An alternative approach to motivating physical activity that became popular in the resent years utilizes pedometers, small battery operated devices that count how many steps individuals' take each day [5] [15] . Usage of pedometers helps individuals realize their current level of activity, set achievable goals and monitor their progress towards the goals, either individually or in a social setting. For example, in a study by Consolvo et al [16] , groups of friends wearing pedometers could share each others' goals and progress via mobile phones. In addition, devices like Body-Bugg by BodyMedia can provide such measurements as consumed or burned calories.
While challenging and exciting, games like Tagaboo, Dance Dance Revolution and the Exercise Bicycle require focused engagement and are constrained in time and location. In our work, we looked for less focused and more ubiquitous ways to promote physical activity. At the same time, utilizing pedometers achieves the desired ubiquity but could benefit from providing additional motivation and incentives. Fish'n'Steps, described in this paper attempts to combine both, ubiquity and unobtrusiveness of pedometers, with engaging gaming approach of Serious Games.
3 Fish'n'Steps 3. 1 Step Capture "Fish'n'Steps" was built as a distributed software application that included several functioning components as well as some "Wizard of Oz" components. Simple commercially available pedometers, Sportline 330, were used to measure the step count of individual participants. The main considerations for selection of this model were its low price, large display with overall small size, and the cumulative step count display, rather than daily step count with overnight reset, which simplified the automated upload. However, the cumulative step count display, while increasing the value of the interventions in the game, reduced the overall benefit of the pedometers, To collect data from pedometers, individuals placed their pedometer on a platform at a public kiosk ( Fig. 1 ), and took a picture of their pedometer screen, including the unique pedometer ID. The picture was captured and sent to a member of the research team who entered the appropriate data into a database. Due to the competitive nature of the game, such automated upload was essential to prevent tampering with the game and adjusting numbers to help one's team win. This daily upload could neither measure nor prevent tampering through shaking the pedometer while sitting to increase step count or giving the pedometer to somebody else to wear. While it was hard to avoid these more involved types of tampering, automated upload at least prevented false reports. In addition, kiosk upload combined with a public display was meant to simplify the upload procedures, and to foster individuals' interest in the game.
Establishing Daily Goals
Once an individual's daily step number was uploaded into the database, the application calculated the incremental daily increase and compared it with a personal goal that had been established for each individual during the pre-study phase. After reviewing previous pedometer studies [5] [15] , 3 heuristics were used to calculate custom goals for each participant:
Each participant should have a reasonable target over the 6 week intervention period. In previous studies, the average increase in step count was 2-3000 steps [15] [25] ; The increase would be negatively correlated with participants' baseline step count; An upper bound was set at 12,000 steps per day, since participants in previous studies tended to reach a plateau of 10-12,000 steps.
For example, a participant with a baseline of 3000 daily steps had an overall goal of 5250 steps, while a participant with a baseline of 11,000 daily steps had an overall goal of 11,630 steps. Although these goals may not seem ambitious, the study's incentive structure depended on participants receiving positive feedback to help guide them through daily encouragement.
These specific 6-week goals were calculated using an exponential function to set a goal for each week. Daily progress was sufficient when individuals reached their daily goal (1/5 of their weekly goal), nearly sufficient when they reached half of their daily goal, and insufficient when they did not reach even half of their daily goal. Subjects whose improvement exceeded their weekly goal were given a new goal based on an adjustment of their baseline.
Developing Incentives
Individuals' daily progress towards their goals was mapped to the development of the fish in two different ways. The daily step count for each participant contributed to the growth of his or her fish in a step-wise fashion. As soon as the total number of steps exceeded a predefined target, the fish's appearance changed to the next growth level (Fig. 2) . If the fish's upper appearance level was reached, an additional ("baby") fish was attached to the fish tank, which grew according to the further increase of the user's step count. At the same time, success in reaching a participant's daily goal affected the facial expression of his or her fish-making it happy (in case of sufficient progress), angry (in case of nearly sufficient progress), or sad (insufficient progress) (Fig. 2) .
Fig. 2. Seven growth levels (left panel) and examples of three types of facial expressions (right panel) of the virtual characters
Two different versions of the game interface were used to create two experimental conditions. In one version, each participant's fish had its own fish tank and hence was not involved in a competition process. In the second version, each fish-tank was shared by four participants' fish. In this condition, the progress of each fish affected the entire fish tank: each "insufficient" day for any team member resulted in the tank's water getting darker, as well as the gradual removal of the fish-tank's decorations (plants, small animals, such as snails, etc.). Individuals within teams saw each others' progress, and could converse over an anonymous chat application.
Two displays were designed for the application. The public display was placed next to the upload kiosk and rotated through each group's fish-tank (Fig. 1) , recognizable through the team's number. The public display was designed to promote a daily competition between teams for the "healthiest" fish tank. At the same time, individuals of both conditions could log in on their own computer to monitor the progress of their own fish, as well as other fish in their group's fish-tank.
The game application was realized as a web interface created with Macromedia Flash. The Flash Interface combined the game logic with input from a mySql database (daily number of steps, group and individual ranking, user properties). PHP language was used for communication between the Flash client and the Apache server.
Study Description

Participants
To assess the effectiveness of Fish'n'Steps, 19 participants (11 females and 8 males, aged from 23 to 63) were recruited among the staff of Siemens Corporate Research, Inc, The participants of the study were a relatively homogeneous group in terms of education (graduate degree), working environment, and even living environments (suburban New Jersey). However, as is discussed below, there were fairly large individual variations in their lifestyles and attitudes towards physical exercise. These span from individuals never having, nor wishing for an exercise routine, to individuals who exercised rigorously and regularly. The average daily step count collected during the pre-study reflected these differences, with numbers ranging from 3,700 to over 11,000. The participants were compensated $25 for enrolling in the 14 weeks study.
The selection of participants in this study received a lot of consideration. The research team was looking for participants with sedentary jobs that did not require physical activity. However, the need for automated step capture suggested recruitment of co-located participants. At the time of the study, the only pedometer that allowed upload to a PC via serial cable was not available in the US market. As a result, we developed an upload kiosk and invited fellow employees from Siemens Corporate Research (SCR) to volunteer for the study. This decision had limited the participant sample to highly educated individuals, who were moreover relatively technologically savvy and open to adopting new technologies. However, a number of measures were taken to preserve validity of the findings to the degree possible. The volunteers were selected from a relatively large pool of over 300 employees, including students and administrative personnel. None of the participants had any prior knowledge of or experience with the related research. Any employees in the organization working for the same department as the members of the research team were excluded from the participants' pool. The research team kept each participant's identification anonymous from all the others in the organization.
Procedure
The study consisted of 3 phases, as illustrated in Fig. 3 .
Pre-intervention (4 weeks):
During the pre-intervention phase, the participants were given a pedometer. The researchers suggested that participants wear their pedometers as much as possible but did not set any goals, and encouraged participants to maintain their regular lifestyles. At the end of this phase, the cumulative reading of each pedometer was used to establish individual baselines, and to set goals for the study's second phase.
Intervention (6 weeks):
During the second, experimental phase, the participants were randomly assigned to one of the two experimental conditions. During this phase, the participants were encouraged to increase their daily step count to achieve their individual goals either during their work hours or during their leisure time. The participants were asked to make a daily stop at the public kiosk to update their pedometer number. Otherwise, the participants were free to engage with the game as little or as much as they wished; no additional interaction was required.
Post-intervention (4 weeks):
At the end of the 6 weeks of the intervention phase, the game ended. However, participants were encouraged to continue wearing their pedometers for an additional 4 weeks. The final number captured by the pedometer at the end of the post-study phase allowed the researchers to observe any persistent effects of the game. The mix-design of the study in two experimental conditions (team condition vs. single condition) allowed separate assessment of emotional attachment to the virtual pet, and the second condition that combined attachment to the virtual pet with social dynamics.
At the beginning and at the end of each intervention phase, each participant was interviewed for about 30 minutes to discuss their experiences. Researchers used handwritten notes to summarize interviews 1 and 2. Interviews 3 and 4 were video and audio-taped, and then transcribed. All the interview transcripts were coded according to categories that emerged during the study's analysis. The results were analyzed based on the data collected from the 19 participants who completed the entire 14-week study. Among these 19 participants, 6 were in the single-player condition and 13 were in the multi-player condition.
The research team chose not to use a control group who wore pedometers but had no other incentives. Many previous pedometer studies, including Tudor-Locke [5] and Chan [15] , reported a plateau in their participants' daily step count after the studies' first 4 weeks of pedometer use. Following this pedometer "adoption" phase, the participants did not increase their daily step totals. For this study, we expected that effects due to the pedometers themselves would have been demonstrated in the first 4-week pre-study phase. Therefore, increases in daily step counts observed during the game were likely reflecting the additional incentives introduced by the game.
Findings
To assess the achieved advancement along the steps of behavior change suggested by the Transtheoretical Model, the research team applied the following methodology. Each pre-study interview was analyzed for evidence of the participants' current position within the stages of the Transtheoretical Model: 1) Pre-contemplation -individuals have no recognition of the need to change and, consequently, no intention to take action; 2) Contemplation -intention to take action within foreseeable future (next six months); 3) Preparation -intention to take action within immediate future (next 30 days and having taken initial preparatory steps); 4) Action -practicing new behavior for 3 to 6 months; 5) Maintenance -continuing commitment to sustaining behavior; 6) Termination -overt behavior will never return, and there is complete confidence that one can cope without fear of relapse. For exercise programs, termination means that the behavior is so ingrained that external reinforcements are no longer necessary. Similar analysis was applied to the post-intervention interviews, in order to determine whether there were indications of progression towards more advanced stages of behavior change. The number of steps recorded by the pedometer was the primary indicator of each participant's behavior change. In addition, the interviews provided another way to measure attitude changes.
To complement these quantitative findings, grounded theory analysis was used to identify recurrent patterns of attitudes towards the game through analysis of each round of interviews. All the interview transcripts were coded according to categories that emerged during the analysis.
Initial Attitudes -Fish Buzz
The rumors about the game started spreading through the building several months prior to the study, and led to a general feeling of anticipation and excitement. Pictures of the study's fish, while still a work in progress, were shared among the extended intern community at Siemens Corporate Research, and were observed throughout the building -attached to name tags, next to office cubicles, or attached to windows.
Not surprisingly, many of the recruited participants had noticed the pictures of the fish and were intrigued by them. In addition, many of the participants had been dissatisfied with their own level of physical activity, and welcomed an opportunity to address the issue. This was not surprising given the general work style at Siemens Corporate Research: sitting in front of one's computer all day long, as well as the "drive everywhere" culture of suburban living for many participants. Thus, the average level of daily steps determined during the pre-study phase was under 7,000 -quite a bit lower than the recommended 10,000 steps per day.
Observable Behavior Change
According to the level definitions in the TTM, the following criteria were used to place participants in particular levels: Overt behavior will never return, and there is complete confidence in coping without tear of relapse.
"I have had the same morning routine for 11 years now; it includes a jog and an hour of yoga and then my coffee and a newspaper"
As a result of this assessment, the following pattern emerged:
Level 1: 4 participants. These individuals had not established exercise routines, nor had any intension of establishing them in a foreseeable future. Level 2: 1 participant. This individual had no established routine, but had recognized this as a limitation and was developing plans for changing the situation. However, no action has been taken to realize the plans. Level 3: 6 participants. Individuals in this category were actively forming exercise plans when they joined the game. Some of them have joined gyms, but have not started exercising yet, or had previously attempted exercise but did not succeed at sustaining it. Level 4-5: 4 participants. Individuals in this category had an established exercise routine, but they did not form a habit yet. Because it was not always possible to determine the exact time when the routine was formed (less than 6 months ago or over 6 months ago), we have combined levels 4 and 5 into one level. Level 6: 4 participants. These individuals have followed established and rigorous exercise routines for many years and had indicated strong habits.
A similar analysis of post-game interviews, including interviews 3 and 4, produced the following results ( Level 1, Pre-contemplation: All four individuals in Level 1 clearly indicated increased awareness of the low levels of their activity:
"It made me conscious, conscious that I need to exercise more…"
At the same time, this newly gained awareness rarely led to any significant change in either their exercise routines, or the level of daily steps. In fact, for most of them the number dropped below the pre-study baseline:
"The game and fish made me realize that I am walking so little. It made me conscious. But I was very busy and didn't have time for exercising. The consciousness overall increased. But I didn't change my exercise goals or routines. I will continue wearing the pedometer. I think if I start with the game now again, it would have impact."
Two of the participants in this group took immediate action; however, only one of their reports was supported by an actual increase in the number of steps (from 5,000 to 7,000 daily): Level 2, Contemplation: The only participant in this category did not demonstrate any engagement in the game, found wearing the pedometer inconvenient and uncomfortable and participating in the study unjustifiably effortful. This participant did not demonstrate any increase in the number of daily steps; on the contrary, the number decreased by over 1000 steps:
"It was too much effort to log in each day and I didn't have information about my team members. I didn't like to wear the pedometer. It's inconvenient."
Level 3, Preparation: The six participants in this category were already actively preparing for increasing their physical activity. For three of them, the game seems to have provided just the kind of additional motivation that was wanted. For another participant, the game coincided with the diagnosis of asthma and a doctor's recommendation to increase daily exercise. All of these participants increased the number of steps to varying degrees (from 36 steps to over 5,000 steps daily). Even more importantly, many of them indicated their commitment to sustaining their increases even after the game: Level 4-5, Action and maintenance: As was expected, individuals on higher levels of TTM, who already took an action to establish an exercise routine, did not report significant changes in their exercise habits. However, even for these individuals the game presented a new concrete challenge and a target to strive for: a number of daily steps. All participants in this category increased their steps by 2,000 -3,000 steps a day:
"I got up more in the evenings. I tried to reserve time from 8pm to 10pm for exercising. I developed a concrete goal: at least 10,000 each day, but that was very ambitious. So I made the goal smaller and could keep it every day then. Part of the goal was to increase speed." Level 6, Termination: Similar to the Level 4-5 participants, the changes in attitudes were not as drastic as for those on the lower levels. All of these participants continued to maintain their well-established exercise routines; however, several of them became more mindful about their walking habits:
"I was already very active before. I enjoyed the graphical representation about my activity level. In addition to my exercise routine I walked more in the office and parked far away or used the stairs instead of the elevator."
In summary, application of the Transtheoretical Model for assessment of behavior change achieved in the course of the study demonstrated that Fish'n'Steps had a positive impact on 14 out of 19 participants as evident in either increase of their daily steps (for 4 participants), or advancements in TTM levels (for 3 participants) or both (for 7 participants).
The pattern of change across different levels very clearly indicated that individuals on the lowest (pre-contemplation) and highest (termination) levels were the least likely to achieve a significant change in their daily walking routines. The model provides a convincing explanation for this pattern: individuals in the pre-contemplation phase need to achieve a significant shift in attitude before demonstrating any observable change in behavior. At the same time, for individuals with well-defined exercise routines, the game did not generate any new awareness or motivation; these individuals could engage with the game for fun, but did not have a need to draw incentives from it.
Difference between conditions. Application of TTM analysis demonstrated no apparent differences in the achieved behavior change between the two experimental conditions as reflected by either the increase in the number of steps, or in the advancement in the TTM levels (see Table 3 ). 
Reflecting on Intervention Design
In general, the game served its purpose: it created initial excitement, increased participants' awareness of their levels of physical activity and it provided motivation to increase their activity in a fun and engaging way. At the same time, the study allowed the research team to reflect on the design of this type of intervention.
Positive and negative incentives
A significant number of study participants (14 out of 19) developed a certain emotional attachment to their virtual pet: they mentioned feelings of guilt or happiness associated with their fish being sad or happy.
"I was really happy when I saw my fish grow. I tried to motivate myself to walk more to make it grow. I have even increased my regular walking activities; when I saw that the fish had grown I felt very happy." "The fish is part of me now. It was very good to have it as a motivation in the beginning. I miss the fish now."
Most of these participants realized and appreciated the little extra motivation the fish was providing:
"It is much more friendly than an excel spreadsheet, it would help keep an interest in exercising because one of the problems of exercises it to be a boring routine." Unfortunately, this emotional attachment could at times backfire: when their fish did not grow, or had sad emotions, some of the participants chose to not look at their fish at all, rather than watch their unhappy fish.
"I didn't want to check on it, because I knew it was going to be sad."
Based on the classification of the participants according the levels of the Transtheoretical Model, the participants on both, the lowest and the highest levels were less likely to engage with the game and develop a sense of attachment to their virtual pet. Those on the lowest levels often were often discouraged by the overly negative state of their fish; those on the highest levels had no perceived need for additional motivation. However, participants classified on levels 3 to 5 demonstrated the highest general level of engagement with the game and with their virtual characters.
Cooperation and competition
The two experimental conditions were created to assess separately the effect of the virtual character, the fish, and the effect of the engagement in a social game. The application provided a number of mechanisms to facilitate such social engagement: participants were split into teams of four and provided with access to each others' progress and opportunity to communicate via chat. In addition, both individual and public displays highlighted the team with the highest daily achievement to facilitate bonding between members of each team and promote team spirit.
The competitive aspect of the game elicited mixed reactions in the participants. For some of them competitiveness was a more enduring motivation than the virtual character:
"It was cool for the first one or two weeks, but then as you are in the first place you think the fish can jump out of the bowl and I don't care; the fact that I was in the first place it's all I need; it means that I was competitive so the fish didn't have much of an effect."
At the same time, some felt competitiveness to be unnecessary and incompatible with the spirit of the game:
"There is enough competition in real life; I didn't really need more."
However, for a majority of the participants, having other fish presented a stimulating challenge and a benchmarking mechanism. Many of them compared their own virtual character's states, moods and sizes to those of their team members and were aware of their comparative performance. At the same time, as discussed above, application of TTM to the two conditions separately did not demonstrate any difference in achievement between the two conditions. In addition, providing mechanisms for anonymous team cooperation did not produce significant results. The majority of the participants felt awkward about contacting their team members without knowing who they were. The few that tried (3 out of 19) were quickly discouraged by the lack of response. Instead, because all of the participants were physically collocated and many knew each other well in person, the game was discussed actively over lunches, during coffee breaks, or other informal moments of face-to-face contact. On occasion, and especially at the beginning of the game, the participants were logging on to the same PC to compare their characters' moods and sizes.
Sustainability of the intervention
Despite the initial excitement about the game, the virtual characters and team competition, the game was perceived as increasingly repetitive as the study continued. While many of the participants (10 of 19) continued to have daily interactions, others limited their interaction to a few times a week. In addition, the inexpensive pedometers used for the study were meant to be worn on a belt, which was inconvenient for the female participants. All these aspects challenged continuous sustainability of the game.
"It was exciting at the beginning but then it turned into a nuisance; you would forget to put it on, or you would forget to log it in and stuff like that… I have to remember a lot of things during the day and that is on top of that…"
However, the game was not intended as a sustainable intervention, but as a temporary means of assisting the participants in advancing along the steps of behavioral change as proposed in the TTM.
Conclusions
Fish'n'Steps application was designed to provide multiple levels of incentives for increase in physical activity, which could be measured by a pedometer. These incentives included, on an individual level, the growth and emotional state of the individuals' virtual pets -fish in a fish-tank. Additional motivation was provided for participants in a team condition and included competition between teams with announcements of winning teams, and comparison between the states of the fish belonging to different members of the same team. To assess the potential of Fish'n'Steps to promote increase in individuals' activity levels, a 14-week study included 4 weeks of pre-study phase, in which individuals wore pedometers to establish their daily averages as a baseline; 6 weeks of participation in the game; and 4 weeks of post-study phase in which the game was terminated, but individuals continued to wear pedometers to assess sustainability of the potential change in their activity levels. As a result, 14 out of the 19 participants who completed the study demonstrated either advancement in the levels of Transtheoretical Model, or increase in the number of daily steps, or, and most commonly, both.
In general, the game seems to have served its purpose: created initial excitement, increased participants' awareness of their levels of physical activity and provided motivation to increase the activity level in a fun and engaging way. Although the initial fascination with the game subsided after the first couple of weeks, it nonetheless generated sustainable change in behavior and made continuing the game unnecessary.
It also became evident that participants' ability to take advantage of the game depended to a large degree on their current level of physical activity, their satisfaction with it, their desire to change it, and consequently their position within the TTM levels. Participants in pre-contemplation level (1) were most likely to change their attitude, but less likely to produce visible increase in the number of steps, as compared to other levels. Participants in termination level (6) were less likely to change either their attitude or the number of steps, as compared to other levels. And participants in the intermediate levels, preparation, action and maintenance, were most likely to change both, their attitude and their actual behavior.
The study also allowed researchers to reflect upon the design of the interventions. For example, the virtual pet character was designed to provide positive reinforcement to the desired behavior (happy growing fish) and negative reinforcement to the lack of the desired behavior (crying, not growing fish). While many participants felt certain level of responsibility for their character and tried to prevent it from crying, some reduced interactions with the game to avoid encounters with a crying fish.
To promote cooperation between the team members in a team condition, the application provided a possibility of chat communication. In addition, in order to preserve participants' privacy, they were encouraged to pick screen names. This combination created a surprising effect: instead of using chat for communication, participants tried to find each other and discuss the game during lunches, coffee breaks, or other informal face-to-face encounters. Many participants felt awkward contacting their team members without knowing who they really were. This approach of anonymous virtual communication might be more appropriate for distributed community in which members do not know each other.
One of the limitations of the game that prevented participants from engaging with it was intrusiveness of devices and procedures. The participants patiently followed the procedures of the study to assist researchers, however, most commented on the inconvenience of wearing the pedometer and uploading the data in the public kiosk. Less obtrusive uploading mechanisms might contribute to sustainability of the game.
